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Food availability as a major driver in the evolution of life- 
history strategies of sibling species


































and	 food	 availability	 patterns	may	 drive	 interspecific	 differences	 in	 key	 life-	history	
components	such	as	age	at	first	reproduction	and	survival.	We	took	advantage	of	a	
quasi-	experimental	 setting	 in	which	prey	 availability	 for	 the	 two	 species	 varies	be-
tween	years	 (pulse	vs.	nonpulse	 resource	years),	modeling	mark-	recapture	data	 for	
demographic	comparisons.	Prey	availability	dictated	both	adult	survival	and	age	at	first	





drive	 evolutionary	 divergence	 in	 life-	history	 strategies	 among	 sympatric	 sibling	
species.
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segment	of	the	population	(Eberhardt,	2002;	Gaillard	&	Yoccoz,	2003;	
Jones	 et	al.,	 2008).	 Finally,	 beyond	 the	 active	 reproductive	 phase,	
when	symptoms	of	aging	begin	to	manifest,	decreased	survival	prob-
abilities	are	observed	(Bize,	Devevey,	Monaghan,	Doligez,	&	Christe,	
2008;	 Bize	 et	al.,	 2014;	 Gaillard,	 Festa-	Bianchet,	 Yoccoz,	 Loison,	 &	




















to	 have	 a	more	 conservative,	 slower	 life-	history	 strategy,	while	 the	
opposite	 is	true	when	food	supply	is	high	(Roff,	1980).	 It	remains	to	
be	demonstrated	whether	patterns	of	 food	 resource	availability	and	
exploitation	 can	 also	 explain	 interspecific	 differences	 in	 life	 history	





























specific	 ecological	 differences	 translate	 into	 distinct	 life-	history	 ad-
justments.	 These	 two	 bat	 species	 share	 common	 nursery	 roosts	 in	
their	wide	area	of	sympatry	(Arlettaz,	Ruedi,	et	al.,	1997),	where	they	










sister	taxon,	 the	 lesser	mouse-	eared	bat	Myotis blythii	 (Tomes	1857)	
relies	 on	 bush	 crickets	 (Saltatoria,	 Tettigoniidae).	 Bush	 crickets	 are	




supply	 in	 spite	of	 their	 great	 similarity	 in	morphology,	 foraging,	 and	













tha	 Fabricius	 1775	 (Arlettaz	 et	al.,	 2001),	 which	 takes	 place	 every	
third	or	fourth	year	from	late	April	to	early	June	in	the	study	area.	In	
such	years,	cockchafers	are	a	superabundant,	though	temporary	food	
resource	 for	 both	 species	 (Arlettaz	 &	 Perrin,	 1995;	Arlettaz,	 Perrin,	
et	al.,	1997).	Cockchafers	thus	represent	a	typical	pulse	resource,	as	
described	for	various	ecosystems	and	taxa.	This	pulse	resource,	which	
is	 less	 exploited	by	 the	 greater	 than	by	 the	 lesser	mouse-	eared	bat	
(Arlettaz,	Ruedi,	et	al.,	1997),	offers	an	opportunity	for	lesser	mouse-	
eared	 bats	 to	 compensate	 for	 the	 lack	 of	 their	 favorite	 food,	 bush	
crickets,	 in	 early	 spring,	 and	 therefore	 to	 advance	 parturition	 com-
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bats	 in	 non-	cockchafer	years	 experience	 less	 abundant	 food	 supply	
than	in	cockchafer	years,	which	also	means	that	their	prey	is	also	less	
predictable	 across	 the	 years.	 This	 reduced	 food	 availability	 in	 non-	
cockchafer	years	systematically	delays	parturition	in	the	lesser	mouse-	
eared	bat,	which	is	also	likely	to	compromise	achieving	sexual	maturity	




between	 survival	 and	 reproduction	 (Promislow	&	Harvey,	 1990).	 In	










creatures	 (Arlettaz,	 Christe,	 &	 Desfayes,	 2002;	Wilkinson	 &	 South,	
2002),	we	expected	that	first-	year	survival	in	both	species	would	vary	












This	 study	 in	 essence	 investigated	whether	 food	 resource	 avail-
ability	could	operate	as	an	ultimate	driver	of	life-	history	strategies.	To	
achieve	state-	of-	the-	art	analysis,	we	relied	on	probabilistic	capture–
recapture	 models	 that	 account	 for	 imperfect	 detection	 and	 deliver	
	accurate	estimates	of	life-	history	traits.
2  | MATERIAL AND METHODS
2.1 | Data sampling
Bats	were	mist-	netted	 at	 least	 four	 times	 during	 the	 active	 season	
(May-	August)	 from	 1989	 to	 2001	 (except	 in	 1994)	 at	 two	 colonial	
roosts	(Raron	and	Naters;	46°18′N,	7°48′-	7°59′E;	distance	between	
roosts:	14.5	km)	in	the	upper	Rhône	valley	(Valais,	Switzerland).	Every	
captured	 female	 was	 inspected	 for	 age.	We	 distinguished	 two	 age	
classes:	young	(born	in	the	current	calendar	year:	cartilaginous	meta-
carpial	joints;	born	the	year	before:	presence	of	a	gray	chin	spot)	and	








Mass	 occurrence	 of	 cockchafers	was	 assessed	yearly	 in	May	 by	
visiting	mouse-	eared	bats’	traditional	foraging	grounds	located	by	ra-
diotracking	 (Arlettaz,	 1999).	 Cockchafers	 show	 a	 patchy	 spatial	 dis-
























the	 target	parameters.	 Individuals	born	at	 the	studied	nursery	colo-
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et	al.,	2003).	We	fixed	this	age	to	4	years,	because	we	never	observed	
an	 individual	starting	to	reproduce	 later	 than	at	4	years.	The	transi-
tion	matrix	and	the	recapture	vector	from	age	0	to	age	1	year	are	as	
follows:
the	 transition	 matrix	 and	 the	 recapture	 vector	 from	 age	 j to j + 1 
(1	≤	j ≤ 4):
















lows	 a	multinomial	 distribution.	Maximum	 likelihood	methods	were	
used	to	estimate	the	parameters.
2.2.2 | Candidate models for differences 
between species
The	model	selection	strategy	is	described	in	detail	in	Supplementary	
online	material.	We	considered	 five	models	 for	 the	 recapture	prob-
ability.	Recapture	probabilities	were	time-	dependent	in	all	models	as	































Moreover,	we	 included	models	 in	which	 the	 temporal	variation	was	





2.2.3 | Candidate models for the effect of 
cockchafer years
In	 the	 following	 modeling	 exercise,	 we	 evaluated	 whether	 survival	
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During	 the	 13-	year	 study	 period,	 we	marked	 430	 and	 849	 female	
lesser	 and	 greater	 mouse-	eared	 bats,	 respectively,	 of	 which	 227	
and	 461,	 respectively,	 were	 individuals	 of	 exact	 known	 age.	 The	
goodness-	of-	fit	 test	 of	 a	 general	 multistate	 model	 was	 acceptable	 
(χ2 207	=	201.12,	p = .60).
3.1 | Differences between species
Starting	 from	a	complex	multistate	model,	we	 reduced	 the	complex-
ity	in	a	stepwise	manner.	In	the	results	below,	we	first	present	overall	
model	 results,	 then	 briefly	 describe	main	 summary	 statistics	 for	 pa-
rameters	of	major	interest	according	to	modeling	outcomes.	The	best	
model	for	recapture	probability	included	an	additive	effect	of	species	









age-	specific	 probability	 for	 starting	 reproduction.	Modeling	 survival	
showed	 that	 adult	 survival	 was	 constant	 across	 time	 but	 species-	




The	model-	averaged	 life-	history	 traits	 for	 both	 species	 are	 pre-








and	 lesser	mouse-	eared	 bats,	 respectively.	 During	 the	 third	 year,	 it	




















Survival model (ϕ) Movement model (ψ) Recapture model (p) Deviance Parameters ΔAIC Weight
juv:	year;	ad:	spec juv:.;	ad:	spec Col*year+rep+spec 8749.19 51 0.00 0.212
juv:	year;	ad:	spec a2*spec Col*year+rep+spec 8745.79 53 0.60 0.157
juv:	year;	ad:	spec juv:.;	ad:	spec Col*year*rep 8710.05 71 0.86 0.138
juv:	year+spec;	ad:	spec juv:.;	ad:	spec Col*year+rep+spec 8749.12 52 1.93 0.081
juv:	year+spec;	ad:	spec juv:.;	ad:	spec Col*year*rep 8709.25 72 2.06 0.076
juv:	year+spec;	ad:	spec a2*spec Col*year+rep+spec 8745.61 54 2.42 0.063
juv:	year*spec;	ad:	spec juv:.;	ad:	spec Col*year*rep 8690.11 82 2.92 0.049
juv:	year;	ad:	. juv:.;	ad:	spec Col*year+rep+spec 8754.83 50 3.64 0.034
juv:	year;	ad:	. a2*spec Col*year+rep+spec 8751.29 52 4.10 0.027
a2*spec a2*spec Col*year+rep+spec 8767.44 44 4.25 0.025
a2*spec juv:.;	ad:	spec Col*year+rep+spec 8771.52 42 4.33 0.024
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Table	2).	Overall,	breeding	dispersal	probabilities	were	spatially	asym-
metric	 in	 the	 two	species.	Greater	mouse-	eared	bats	predominantly	
moved	 from	Naters	 to	 Raron	 (0.17;	 opposite	 direction:	 0.05),	while	
lesser	mouse-	eared	bats	mostly	went	from	Raron	to	Naters	(0.14;	op-
posite	direction:	0.06).









bats,	 respectively).	 Model-	averaged	 estimates	 of	 first-	year	 survival	









the	 first	 time	 in	 a	 cockchafer	year	 compared	 to	a	non-	cockchafer	
year.	Moreover,	whether	or	not	an	 individual	was	born	 in	a	 cock-
chafer	year	did	not	affect	its	probability	to	engage	into	first	repro-
duction	 (cohort	 effects,	 i.e.,	 anticipated	 cockchafer-	mediated	 first	
breeding).
4  | DISCUSSION
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time	 (Bjorkvoll	 et	al.,	 2012;	Gaillard	&	Yoccoz,	 2003;	Oli	&	Dobson,	
2003;	 Pfister,	 1998;	 Saether	&	Bakke,	 2000;	 Schorcht	 et	al.,	 2009).	
This	large	variability	in	first-	year	survival	is	likely	due	to	temporal	vari-
ability	in	food	supply	mediated	by	weather	conditions,	which	is	known	









Model for first- year survival Model for adult survival Deviance Parameters ΔAIC Weight
Year blythii.:.; myotis:	cockchafer 8747.12 52 0.00 0.261
Year blythii.:.; myotis: . 8749.19 51 0.07 0.251
Year blythii.:	cockchafer;	myotis:. 8748.47 52 1.35 0.132
Year blythii.:	cockchafer;	myotis:	cockchafer 8746.72 53 1.60 0.117
blythii.:	cockchafer;	myotis:	year blythii.:.; myotis:	cockchafer 8746.43 54 3.31 0.049
blythii.:	year;	myotis:	cockchafer blythii.:.; myotis:	cockchafer 8746.73 54 3.62 0.043
blythii.:	cockchafer;	myotis:	year blythii.:.; myotis:. 8749.20 53 4.08 0.034
blythii.:	cockchafer;	myotis:	cockchafer blythii.:.; myotis:	cockchafer 8765.89 45 4.78 0.024
blythii.:	cockchafer;	myotis:	year blythii.:	cockchafer;	myotis:	cockchafer 8746.16 55 5.05 0.021
blythii.:	year;	myotis:	cockchafer blythii.:	cockchafer;	myotis:	cockchafer 8746.31 55 5.19 0.019
blythii.:	cockchafer;	myotis:	year blythii.:	cockchafer;	myotis:. 8748.67 54 5.55 0.016
blythii.:	year;	myotis:	cockchafer blythii.:.; myotis: . 8751.80 53 6.69 0.009
blythii.:	cockchafer;	myotis:	cockchafer blythii.:	cockchafer;	myotis:	cockchafer 8765.87 46 6.75 0.009
blythii.:	cockchafer;	myotis:	cockchafer blythii.:.; myotis: . 8770.56 44 7.45 0.006
blythii.:	year;	myotis:	cockchafer blythii.:	cockchafer;	myotis: . 8750.99 54 7.87 0.005
blythii.:	cockchafer;	myotis:	cockchafer blythii.:	cockchafer;	myotis: . 8770.41 45 9.29 0.003
Model	notation:	year:	different	parameter	for	each	year;	cockchafer:	different	parameter	 for	years	with	and	without	mass	occurrence	of	cockchafers;	 
*:	interactive	effects;	+	additive	effects;	.	is	for	constancy.
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bats	in	particular	(Ransome,	1995;	Schaub,	Gimenez,	Sierro,	&	Arlettaz,	
2007),	 life-	history	 trade-	offs	 against	 age	 at	 first	 reproduction	were	
probably	 the	 reason	 for	 higher	 adult	 survival	 probabilities	 in	 lesser	
than	 in	 greater	 mouse-	eared	 bats.	 Mean	 life	 expectation	 at	 1	year	
























roosts	 observed	 in	 this	 study	were	 indeed	 asymmetrical,	which	 can	
be	further	explained	by	spatial	variation	in	prey	supply	and	related	en-
ergetic	 constraints	 linked	 to	 commuting	 flights.	Adult	 lesser	mouse-	
eared	 bats	 preferentially	 moved	 from	 Raron	 to	 Naters,	 while	 the	
opposite	was	observed	for	adult	greater	mouse-	eared	bats.	The	Raron	





beetle	 taxa	 constituting	 the	 bulk	 of	 the	 prey	 for	 greater	 and	 lesser	








pronounced.	 Firstly,	 first-	year	 survival	 did	 not	 seem	 to	 be	 affected	
while	adult	survival	did,	although	not	 in	the	expected	direction	with	
respect	 to	 species.	 In	 effect,	 based	on	both	 single	model	outcomes	
and	model	averaging,	it	seems	that	mass	cockchafer	availability	is	more	
likely	 to	 increase	adult	 survival	 in	greater	mouse-	eared	bats	 than	 in	
lesser	mouse-	eared	bats.	Age	at	first	reproduction	was	not	positively	
influenced	by	cockchafer	availability	in	a	given	year,	nor	were	cohorts	
engaging	 into	 reproduction	 at	 an	 earlier	 age.	 Several	 aspects	 linked	












Perrin,	 et	al.,	 1997;	 Arlettaz	 et	al.,	 2001),	 they	 may	 not	 represent,	
as	 we	 initially	 thought,	 such	 an	 excellent	 alternative	 prey	 to	 bush	
crickets	 (Arlettaz	 et	al.,	 2001).	 Cockchafers	 could	 even	 constitute	 a	
Model for age- specific probability to start 
reproduction (α) Deviance Parameters ΔAIC Weight
a3	+	spec 8749.19 51 0.00 0.771
blythii.:	a3;	myotis:	a3	+	cockchafer(coh) 8747.92 54 4.73 0.072
blythii.:	a3;	myotis:	a3	+	cockchafer(time) 8748.98 54 5.79 0.043
blythii.:	a3	+	cockchafer(time);	myotis:	a3 8748.99 54 5.80 0.042
blythii.:	a3	+	cockchafer(coh);	myotis:	a3 8749.00 54 5.81 0.042
blythii.:	a3;	myotis:	a3*cockchafer(coh) 8747.83 56 8.65 0.010
blythii.:	a3;	myotis:	a3*cockchafer(time) 8748.45 56 9.26 0.008
blythii.:	a3*cockchafer(coh);	myotis:	a3 8748.92 56 9.73 0.006
blythii.:	a3*cockchafer(time);	myotis:	a3 8748.97 56 9.78 0.006
Model	notation:	year:	different	parameter	for	each	year,	a2:	2	age	classes	(1st	year,	later),	a3:	3	age	
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worse-	than-	nothing	option	for	lesser	mouse-	eared	bats.	A	beetle	spe-
cialist	such	as	the	greater	mouse-	eared	bat	may	thus	benefit	from	the	








as	 a	 result	 of	 an	 accelerated	 pregnancy	 (Arlettaz	 et	al.,	 2001).	 This	
might	 cause	 problems	 if	 they	 then	 face	 low	 food	 availability	 during	
lactation,	that	is,	in	the	period	when	cockchafers	are	no	longer	avail-
able	 while	 bush	 crickets—which	 have	 successive	 instars—have	 not	
yet	reached	the	minimal	critical	body	size	for	entering	M. blythii’s	diet	
(Arlettaz	et	al.,	2001).	Such	situations	of	mismatch	between	patterns	
of	 resource	 availability	 and	 acquisition	might	 be	 reflected	 in	 fitness	
costs,	notably	in	adult	survival	probabilities	as	lactation	represents	the	
energetically	most	demanding	period	of	a	bat	life	cycle.
We	conclude	 that	major	patterns	 in	 species-	specific	prey	avail-
ability	 and	 interaction	 with	 a	 clear-	cut	 interspecific	 trophic	 niche	
partitioning	 can	 result	 in	 diverging	 evolution	 of	 life-	history	 strate-
gies.	 Beyond	 contrasted	 prey	 preferences,	more	 subtle	 spatiotem-
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